Introduction {#sec1-0300060519842781}
============

Breast cancer is the most prevalent cancer and the leading cause of cancer-related death in women, accounting for 23% of all cancers and 14% of cancer-related deaths worldwide.^[@bibr1-0300060519842781],[@bibr2-0300060519842781]^ Breast cancer is mostly treated with surgery and chemotherapy, which are usually used in combination.^[@bibr3-0300060519842781],[@bibr4-0300060519842781]^ Although systemic chemotherapy is an important approach that is used in combination with surgery and radiation therapy to treat breast cancer, the side effects after chemotherapy are problematic, causing a huge burden for the patients.^[@bibr5-0300060519842781]^

Among the side effects such as vomiting, diarrhea, and reduced leukocyte count, alopecia is another common and emotionally traumatic side effect of chemotherapy, especially for female patients.^[@bibr6-0300060519842781],[@bibr7-0300060519842781]^ Patients with alopecia always have increased psychological distress and decreased body image and self-esteem.^[@bibr8-0300060519842781]^ Studies also show that alopecia is one of the reasons that patients refuse potentially lifesaving chemotherapy.^[@bibr9-0300060519842781]^ Reducing the degree of alopecia is a challenge, but it will help to improve the patients' quality of life.

Several methods have attempted to reduce chemotherapy-induced alopecia, such as scalp tourniquets,^[@bibr10-0300060519842781]^ pulsed electrostatic fields,^[@bibr11-0300060519842781]^ topical treatments,^[@bibr12-0300060519842781]^ and scalp cooling,^[@bibr13-0300060519842781]^ and scalp cooling was reported to show good efficacy in reducing alopecia.^[@bibr14-0300060519842781]^ However, these treatments do not reduce other side effects that are induced by chemotherapy and they can also increase alopecia.

Chinese herbal medicine is widely used in China. An increasing number of studies have shown that drugs used in combination with Chinese herbal medicine might demonstrate both good efficacy and safety in cancer treatment.^[@bibr15-0300060519842781],[@bibr16-0300060519842781]^ However, to date, no study has focused on the use of Chinese herbal medicine treatments for chemotherapy-induced alopecia.

Xiaoaiping, a drug that is mainly composed of the Chinese herb *Marsdeniae tenacissimae* was approved by the Chinese State Food and Drug Administration (Z20063919). It has passed animal and human testing, and it has been used in clinics in China.^[@bibr17-0300060519842781]^ It is widely used in cancer treatment in China. The present study aimed to investigate Xiaoaiping in the treatment of chemotherapy-induced alopecia and other side effects in breast cancer patients using a randomized controlled trial. This study may provide clinical evidence for the use of *Marsdeniae tenacissimae* to treat side effects of breast cancer chemotherapy and may provide new research targets for breast cancer research.

Methods and materials {#sec2-0300060519842781}
=====================

Patients and treatment {#sec3-0300060519842781}
----------------------

In this prospective study, 93 adult patients who attended our hospital from January 2016 to December 2017 and met the study entry criteria were enrolled. All patients were diagnosed with breast cancer that was confirmed via histological analysis, and all patients had undergone a radical mastectomy to treat this cancer. The following patients were excluded: patients with alopecia and related diseases before the study; patients who did not need chemotherapy after surgery; patients with brain metastases; patients with other serious cardiovascular, liver, or renal diseases; and patients who could not complete the chemotherapy cycles.

The chemotherapy strategy included six cycles of docetaxel (75 mg/m^2^) and adriamycin (50 mg/m^2^) (both purchased from Qilu Pharmaceutical Co., Ltd., Jinan, China) that were administered every 21 days. All patients were randomly divided into two groups using a computer-generated program, as follows: 1) the control group (n=47) included patients who were only treated with routine chemotherapy; and 2) the combined group (n=46) included patients who were treated with routine chemotherapy and Xiaoaiping (300 mg/tablet, purchased from Nanjing Sanhome Pharmaceutical Co., Ltd., Nanjing, China, and approved by the Chinese State Food and Drug Administration, Z20063919) at a dose of 7.2 g/day (2.4 g per dose, three times daily) for 2 weeks during each chemotherapy cycle. Informed consent was obtained from all patients. The present study was approved by the ethics committee of the Army Military University Daping Hospital.

Measurement and Data collection {#sec4-0300060519842781}
-------------------------------

Demographic data and clinical variables such as age, TNM stage, and pathological type were collected. Chemotherapy-induced side effects were defined using the World Health Organization (WHO) criteria. Alopecia was defined as follows: grade 0, no change; grade 1, minimal hair loss; grade 2, moderate, patchy alopecia; and grade 3, complete and non-reversible alopecia. Nausea and vomiting were defined as follows: grade 0, no change; grade 1, mild nausea and vomiting; grade 2, temporary vomiting; grade 3, vomiting that needed treatment; and grade 4, uncontrollable vomiting. Diarrhea was defined as follows: grade 0, no diarrhea; grade 1, transient diarrhea less than 2 days; grade 2, diarrhea more than 2 days but tolerable; grade 3, tolerable diarrhea that needed treatment; and grade 4, bloody diarrhea. The lowest white blood cell (WBC) count and highest aspartate aminotransferase (AST) levels for each patient during chemotherapy were recorded and the grade was defined using the WHO criteria, as follows: for WBC, grade 0, ≥4.0 × 10^9^/L; grade 1, 3.0--3.9 × 10^9^/L; grade 2, 2.0--2.9 × 10^9^/L; grade 3, 1.0--1.9 × 10^9^/L; and grade 4, \<1.0 × 10^9^/L; and for AST, grade 0, \<1.25 × 40 U/L; grade 1, 1.26--2.50 × 40 U/L; grade 2, 2.6--5.0 × 40 U/L; grade 3, 5.1--10.0 × 40 U/L; and grade 4, \>10.0 × 40 U/L. Patients' quality of life was evaluated using the Total Functional Assessment of Cancer Therapy -- Breast (FACT-B) score (TQOL), which is calculated by adding the breast cancer-specific well-being scores (BWB), emotional well-being scores (EWB), functional well-being scores (FWB), physical well-being scores (PWB), and social and family wellbeing scores (SWB). The higher scores represented a better quality of life.^[@bibr18-0300060519842781]^ The alopecia-free time was defined as the duration from the study beginning to the time when alopecia (grade 1--4) was first observed in patients.

Statistical analysis {#sec5-0300060519842781}
--------------------

The Chi-square test was used to compare the factors and rates. Comparison between two groups of continuous data was performed using the Student's *t*-test. A Kaplan--Meier analysis was performed to measure the alopecia-free time. The measurement data were expressed as the mean ± standard deviation (SD). A P-value less than 0.05 was considered to be statistically significant. All calculations were made using SPSS 18.0 (SPSS Inc., Chicago, IL, USA).

Results {#sec6-0300060519842781}
=======

Patients' clinical characteristics {#sec7-0300060519842781}
----------------------------------

As shown in [Table 1](#table1-0300060519842781){ref-type="table"}, 93 patients were enrolled into this study, with 47 patients in the control group (mean age, 51.5±8.6 years) and 46 patients in the combined group (mean age, 52.4±10.5 years). Overall, 81 patients were diagnosed with TNM stage I--II and 12 patients were diagnosed with TNM stage II--IV cancer. Thirty-seven patients were diagnosed with Luminal-A type, 32 patients were diagnosed with Luminal-B type, and 24 patients were diagnosed with HER-2 overexpressed-type breast cancer. No significant differences were found among the basic clinical characteristics between the two groups.

###### 

Patients' basic clinical characteristics.

![](10.1177_0300060519842781-table1)

                              Control group (n = 47)   Combined group (n = 46)
  --------------------------- ------------------------ -------------------------
  Age, year                   51.5 ± 8.6               52.4 ± 10.5
  TNM stage, n (%)                                     
   I--II                      40 (85.1)                41 (89.1)
   III--IV                    7 (14.9)                 5 (10.9)
  Pathological types, n (%)                            
   Luminal-A                  20 (42.6)                17 (37.0)
   Luminal-B                  16 (34.0)                16 (34.8)
  HER-2 overexpressed         11 (23.4)                13 (28.3)

Efficacy of Xiaoaiping on alopecia {#sec8-0300060519842781}
----------------------------------

The effect of Xiaoaiping on alopecia is shown in [Table 2](#table2-0300060519842781){ref-type="table"} and [Figure 1](#fig1-0300060519842781){ref-type="fig"}. Overall, no patient showed a change in alopecia (i.e. an alopecia grade of 0). However, between the two groups, there were significantly fewer patients with alopecia grade 3--4 in the combined group compared with the control group (P \< 0.05). Additionally, there were more patients with alopecia grade 1--2 in the combined group compared with the control group (P \< 0.05). The Kaplan--Meier analysis also showed that patients in the combined group had a longer disease-free time from alopecia compared with patients in the control group (P \< 0.05). These results suggest that Xiaoaiping treatment may improve the alopecia condition in breast cancer patients undergoing chemotherapy.

![Kaplan--Meier curve for alopecia-free time in the two groups of patients.](10.1177_0300060519842781-fig1){#fig1-0300060519842781}

###### 

Comparison of alopecia between the two groups.

![](10.1177_0300060519842781-table2)

  Alopecia grade, n (%)   Control group n = 47   Combined group n = 46   P value
  ----------------------- ---------------------- ----------------------- ---------
  Grade 0                 0 (0)                  0 (0)                   \<0.001
  Grade 1                 7                      16                      
  Grade 2                 24                     23                      
  Grades 1 and 2          31 (66.0)              39 (84.8)^\*^           
  Grade 3                 13                     7                       
  Grade 4                 3                      0                       
  Grades 3 and 4          16 (34.0)              7 (15.2)^\*^            

\*P\<0.05, compared with the control group.

Efficacy of Xiaoaiping on other side effects {#sec9-0300060519842781}
--------------------------------------------

To further investigate the effects of Xiaoaiping, other side effects of nausea and vomiting, diarrhea, decreased WBC, and increased AST were evaluated. As shown in [Table 3](#table3-0300060519842781){ref-type="table"}, overall, the effects were significantly more serious in the control group compared with the combined group (P \< 0.05). These results suggest that Xiaoaiping may also reduce other side effects caused by chemotherapy.

###### 

Comparison of clinical outcomes between the two groups.

![](10.1177_0300060519842781-table3)

  Grade, n (%)          Control group (n=47)   Combined group (n=46)   P value
  --------------------- ---------------------- ----------------------- ---------
  Nausea and vomiting                                                  
   Grade 0              7 (14.9)               14 (30.4)               \<0.001
   Grade 1              10 (21.3)              16 (34.8)               
   Grade 2              18 (38.3)              14 (30.4)               
   Grade 3              11 (23.4)              2 (4.3)                 
   Grade 4              1 (2.1)                0 (0)                   
  Diarrhea                                                             
   Grade 0              19 (40.4)              22 (47.8)               0.001
   Grade 1              3 (6.4)                13 (28.2)               
   Grade 2              18 (38.3)              7 (15.2)                
   Grade 3              6 (12.8)               3 (6.5)                 
   Grade 4              1 (2.1)                0 (0)                   
  Decreased WBC count                                                  
   Grade 0              4 (8.5)                8 (17.9)                0.001
   Grade 1              12 (25.5)              17 (36.9)               
   Grade 2              16 (34.0)              15 (32.6)               
   Grade 3              12 (25.5)              5 (10.8)                
   Grade 4              3 (6.4)                1 (2.2)                 
  Increased AST level                                                  
   Grade 0              33 (70.2)              44 (95.6)               0.003
   Grade 1              6 (12.8)               2 (4.3)                 
   Grade 2              8 (17.0)               1 (2.2)                 
   Grade 3              0                      0                       
   Grade 4              0                      0                       

BWB, cancer-specific well-being scores; EWB, emotional well-being scores; FWB, functional well-being scores; PWB, physical well-being scores; SWB, social and family wellbeing scores.

Efficacy of Xiaoaiping on patients' quality of life {#sec10-0300060519842781}
---------------------------------------------------

We also analyzed the effects of Xiaoaiping on patients' quality of life. The TQOL scores in the combined group were significantly higher compared with the control group (P \< 0.05, [Table 4](#table4-0300060519842781){ref-type="table"}), indicating a better quality of life for patients in the combined group compared with the control group. Additionally, all BWB, EWB, FWB, PWB, and SWB scores in the combined group were significantly higher compared with those in the control group (P \< 0.05), suggesting that Xiaoaiping can enhance the quality of life in patients with breast cancer who are undergoing chemotherapy.

###### 

Comparison of patients' quality of life using the TQOL score between the two groups.

![](10.1177_0300060519842781-table4)

  Scores                  Control group (n=47)   Combined group (n=46)   P value
  ----------------------- ---------------------- ----------------------- ---------
  TQOL                                                                   
   BWB                    23.2 ± 4.6             26.5 ± 5.7              0.001
   EWB                    13.5 ± 4.4             16.9 ± 3.6              0.001
   FWB                    10.9 ± 3.0             14.1 ± 3.0              0.001
   PWB                    20.2 ± 4.3             23.4 ± 5.2              0.001
   SWB                    13.3 ± 4.1             16.4 ± 4.1              0.001
   TQOL after treatment   81.5 ± 17.9            97.3 ± 19.3             0.001

TQOL, Total Functional Assessment of Cancer Therapy -- Breast (FACT-B) score; BWB, cancer-specific well-being scores; EWB, emotional well-being scores; FWB, functional well-being scores; PWB, physical well-being scores; SWB, social and family wellbeing scores.

Discussion {#sec11-0300060519842781}
==========

Among the side effects caused by chemotherapy, alopecia is an emotionally traumatic and common side effect that may worsen a patient's depression and anxiety, as well as reduce their quality of life. This adds a huge burden to a patient's life.^[@bibr19-0300060519842781]^ It has been reported that scalp cooling can be used to treat chemotherapy-induced alopecia; however, it cannot protect against other side effects induced by chemotherapy. In this present study, we showed, for the first time, that Xiaoaiping, a drug that is mainly composed of the Chinese herb *Marsdeniae tenacissimae*, has the potential to protect breast cancer patients against chemotherapy-induced alopecia and other side effects.

Application of herbs in cancer treatment and chemotherapy-induced side effects have been reported in several studies. In a review, Zhang et al.^[@bibr20-0300060519842781]^ showed that Chinese herbal medicine might improve symptoms of chemotherapy-induced nausea and vomiting as well as fatigue, and might improve the patients' quality of life. Oh et al.^[@bibr21-0300060519842781]^ conducted a systematic review and found that herbal medicine could be used to treat side effects of chemotherapy in breast cancer patients. In a recent study, Miranzadeh et al.^[@bibr22-0300060519842781]^ demonstrated that adding the herb Achillea millefolium to mouthwash given to chemotherapy patients reduced chemotherapy-induced oral mucositis.

Several studies on application of *Marsdeniae tenacissimae* in cancer treatment were previously reported. Zhu et al.^[@bibr23-0300060519842781]^ showed that total aglycones from *Marsdeniae tenacissimae* could increase the antitumor efficacy of paclitaxel. Chen et al. found that *Marsdeniae tenacissimae* extracts could suppresses cell proliferation and promote apoptosis in human umbilical vein endothelial cells.^[@bibr24-0300060519842781]^ Zhang et al.^[@bibr17-0300060519842781]^ demonstrated that *Marsdeniae tenacissimae* could be used to treat advanced non-small cell lung cancer. In the present study, we found that Xiaoaiping, which is mainly composed of *Marsdeniae tenacissimae*, could significantly reduce the side effects induced by chemotherapy in breast cancer patients.

Xiaoaiping is a single-extract preparation of tongguan vine, which is mainly used to treat cancers such as liver cancer, stomach cancer, non-small cell lung cancer, colon cancer, and breast cancer,^[@bibr25-0300060519842781]^ and it is also used to treat childhood asthma and chronic bronchitis in old age. Additionally, Xiaoaiping has anti-viral, anti-bacterial, analgesic, and detoxification functions.^[@bibr24-0300060519842781]^

Research on the anti-tumor pharmacological effects of Xiaoaiping has been conducted mainly on the following two aspects: 1) direct anti-tumor effects, such as inhibiting tumor cell proliferation, promoting differentiation, inducing apoptosis, and inhibiting tumor cell angiogenesis;^[@bibr26-0300060519842781]^ and 2) its enhancing effect and role in reducing toxicity in combination with other anti-cancer drugs. Han et al.^[@bibr27-0300060519842781]^ showed that the Xiaoaiping-induced angiogenesis was related to the expression of drug resistance-related proteins such as p13k and its downstream signaling molecules.

The present study also has some limitations. First, the sample size was small. Second, the underlying molecular mechanisms for Xiaoaiping remain unclear. Thus, further research is required to confirm our results.

In conclusion, we conducted a randomized controlled study to investigate the effects of the Chinese herbal medicine Xiaoaiping in the treatment of chemotherapy-induced side effects. The results showed that Xiaoaiping could improve alopecia, nausea and vomiting, diarrhea, WBC count, AST levels, and the quality of life in breast cancer patients who are undergoing chemotherapy. This study may provide clinical evidence for the use of *Marsdeniae tenacissimae* in the treatment of breast cancer and might provide new targets for breast cancer research.
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